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(57)Abstract: 

PROBLEM TO BE SOLVED: To improve a follow-up 
characteristic to the fluctuation of a transmission line by 
making an upper orientation which is balanced among plural 
different orientations and whose receiving quality is 
satisfactory a candidate, sending with a signal part sent in the 
candidate orientation included in a transmitting signal, 
selecting the optimum orientation from the signal part and 
sending information in the optimum orientation to a base 
station. 

SOLUTION: A signal arriving at antenna 112 from a base 
station device is received by an AR part 1 13, is converted into 
a low pass frequency to be a mobile station receiving signal 
and is outputted to a beam candidate receiving level 
comparator 115. The comparator 115 respectively detects 
receiving levels of plural pilot beams among inputted mobile 
station receiving signals and outputs them to an optimum 
beam selection circuit 116. The circuit 116 selects what is 
maximum among inputted receiving levels and outputs it as 
optimum beam information to a modulator 117 and it 



modulates the optimum beam information and sends and outputs it to a base station. 
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5 (54) [Title of the Invention] Communication System, Base 
Station Apparatus and Mobile Station Apparatus 
(57) [Abstract] 
[obj ect ] 

The present invention provides a communication 

10 system, base station apparatus and a mobile station 
apparatus for improving a tracking property for the 
fluctuation of a transmission path while maintaining 
information transmission efficiency . 
[Means for Solving the Problems] 

15 The present invention is related to a communication 

system of averaging receipt levels of respective beams 
of an upstream-receipt signal received by a base station 
apparatus from a mobile station apparatus, selecting 
first and second high-order orientation directions of 

20 receipt quality, transmitting a downstream-signal in 
such a way that both pilot beams corresponding to the 
first and second high-order orientation directions and 
transmission data to be transmitted in a beam direction 
indicated by the mobile station apparatus are included 

2 5 in a slot to be transmitted from the base station apparatus 
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to the mobile station apparatus, selecting any pilot 
beam having better receipt quality from among high-order 
pilot beams of a downstream signal received by the mobile 
station apparatus and indicating the beam direction of 
5 a pilot beam having the better receipt quality to the 
base station apparatus. 
[What is claimed is:] 

1. A communication system comprising: 

a base station apparatus for selecting an 

10 upper-level orientation direction having good averaged 
receipt quality from among a plurality of different 
orientation directions as a candidate and for 
incorporating a signal portion to be transmitted in the 
candidate orientation direction into a transmission 

15 signal to be transmitted; and 

a mobile station apparatus for selecting an optimal 
orientation direction from the signal portion and for 
transmitting information about the optimal orientation 
direction to the base station apparatus . 

20 

2 Abase station apparatus for averaging quality of 

a plurality of orientation directions of signals received 
via antennas having a plurality of different orientation 
directions, for selecting as candidates a plurality of 
25 orientation directions each having upper-level quality 
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from among the plurality of orientation directions based 
on the average result and for incorporating signals for 
detecting orientation directions of the plurality of 
the selected candidates and for being transmitted in 
5 the orientation directions, into a transmission signal 
to be transmitted. 

3. _A mobile station apparatus for receiving a 
transmission signal transmitted from the base station 

10 apparatus according to claim 2, for detecting receipt 
quality of a signal to be used for detecting orientation 
directions of a plurality of candidates included in the 
received signal, for selecting an orientation direction 
having best receipt quality as an optimal orientation 

15 direction and for incorporating information about the 
optimal orientation direction into a transmission signal 
to be transmitted to the base station apparatus, thereby 
transmitting the transmission signal. 

20 4 . A communication system comprising the base station 
apparatus according to claim 2 and the mobile station 
apparatus according to claim 3, wherein the base station 
apparatus obtains information about an optimal 
orientation direction from a signal received from the 

25 mobile station apparatus, selects a plurality of 
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candidates of upper-level orientation direction from 
the received signal, incorporates signals to be used 
for detecting orientation directions of the plurality 
of the selected candidates and for being respectively 
5 transmitted in the orientation directions, into a 
transmission signal to be transmitted to the mobile 
station apparatus and transmits transmission data of 
the transmission signal to the orientation direction 
based on information about the optimal orientation 
10 direction. 

5. A base station apparatus comprising: 

a beam antenna element group configured by 
arranging a plurality, of directional antennas in such 
15 a way that transmission and receipt orientation 
directions are evenly distributed on a plane; 

an antenna selection controller specifying a 
selection antenna by selecting while switching one 
antenna element from the beam antenna element group; 
20 a pilot beam transmission data generator for 

generating pilot beam transmission data; 

a slot data generator for generating slot 
configuration data including the pilot beam transmission 
data and transmission information; 
25 a modulator for outputting while converting the 
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slot configuration data into a transmission base-band 
signal ; 

an RF unit for converting the transmission 
base-band signal into a radio frequency f 1 to be outputted 
5 to the selection antenna and outputting signals received 
at the radio frequency f2 at the selection antenna as 
receipt base-band signals; 

a respective-beam-receipt- levels detection 
circuit for detecting as each beam receipt level a level 
10 of a signal received at a radio frequency f2 at each 
antenna element of the beam antenna element group; 

a respective-beam- receipt- levels averaging 
circuit for time-averaging receipt levels of respective 
beams and outputting respective beam average levels; 
15 a beam candidate selection circuit for selecting 

a predetermined number of beam candidates in descending 
order of receipt levels based on the respective beams 
average level and outputting the beam candidates; 

a detector for converting the receipt base-band 
20 signal into receipt bit data; and 

an optimal beam information detector for detecting 
optimal beam information determining a selection antenna 
to be used in a period while transmitting transmission 
information from among the receipt bit data, 
25 wherein the antenna selection controller switches 
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the selection antenna in such a way that one of the 
plurality of beam candidates is selected for each slot 
in a transmission period of the pilot beam transmission 
data among the slot configuration data and the selection 
5 antenna is switched based on the optimal beam information 
ina transmissionperiodof the transmission information. 

6. A mobile station apparatus comprising: 

a mobile station antenna for receiving a 
10 transmission signal at a radio frequency fl from the 
base station apparatus according to claim 5 and for 
transmitting a transmission signal to the base station 
apparatus at a radio frequency f2; 

an RF unit for outputting a receipt signal having 
15 a radio frequency fl transmitted from the mobile station 
antenna as a receipt base-band signal and converting 
a transmission base-band signal into a radio frequency 
f2 to be outputted to the mobile station antenna; 

a detector for converting the receipt base-band 
20 signal into receipt bit data; a beam candidate receipt 
level comparator for comparing receipt levels of two 
beam candidates from the receipt bit data; 

an optimal beam selection circuit for selecting 
a beam having a maximum receipt level among receipt levels 
25 of the two beam candidates and outputting the selected 
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content as optimal beam information; and 

a modulator for incorporating the optimal beam 
information into modulation information to be converted 
into abase-band signal, thereby outputting the converted 
5 base-band signal to the RF unit. 

7 A base station apparatus comprising: 

a beam antenna element group configured by 

arranging a plurality of directional antennas in such 
10 a way that transmission and receipt orientation 

directions are evenly distributed on a plane; 

an antenna selection controller specifying a 

selection antenna by selecting while switching one 

antenna element from the beam antenna element group; 
15 a pilot beam transmission data generator for 

generating pilot beam transmission data; 

a slot data generator for generating slot 

configuration data including the pilot beam transmission 

data and transmission information; 
20 a modulator for outputting while converting the 

slot configuration data into a transmission base-band 

signal; 

an RF unit for converting the transmission 
base-band signal into a radio frequency f 1 to be outputted 
25 to the selection antenna and outputting signals received 
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at the radio frequency f2 at the selection antenna as 
receipt base-band signals; 

an antenna scan circuit for outputting while 
sequentially switching at higher speed than a slot-cycle 
5 signals received at a radio frequency f2 at each antenna 
element of the beam antenna element group and for 
sequentially outputting information specifying the 
selection antenna; 

a receipt level detection circuit for detecting 
10 levels of received signals sequentially inputted from 
the antenna scan circuit as beam receipt levels and for 
sequentially outputting the levels based on information 
specifying the selected antenna; 

a respective-beam- receipt- levels averaging 
15 circuit for time-averaging respective beam receipt 
levels sequentially inputted from the receipt level 
detection circuit and for outputting an average level 
of the respective beams; 

a beam candidate selection circuit for selecting 
20 a predetermined number of beam candidates in descending 
order of receipt levels based on the average level of 
the respective beams and outputting the plurality of 
beam candidates; 

a detector for converting the receipt base-band 
25 signal into receipt data; and 
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an optimal beam information detector for detecting 
optimal beam information determining a selection antenna 
to be used in a period while transmitting transmission 
information from among the receipt bit data, 
5 wherein the antenna selection controller switches 

the selection antenna in such a way that one of the 
plurality of beam candidates is selected for each slot 
in a transmission period of the pilot beam transmission 
data of the slot configuration data and the selection 
10 antenna is switched based on theoptimal beam information 
in a transmission period of the transmission information . 

8 A base station apparatus comprising: 

a non-directional antenna element group 
15 configured by arranging a plurality of non-directional 
antennas; 

an antenna beam selection controller specifying 
a beam direction which is an orientation direction of 
a signal to be transmitted via the non-directional 
2 0 antenna element group; 

a pilot beam transmission data generator for 
generating pilot beam transmission data; 

a slot data generator for generating slot 
configuration data including the pilot beam transmission 
25 data and transmission information; 
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a modulator for converting the slot configuration 
data into a transmission base-band signal; 

a Wo coefficient controller for specifying a 
coefficient for adjusting phase amplitudes of 
5 transmission base-band signals to be transmitted via 
the respective non-directional antennas in such a way 
that a beam direction of a signal to be transmitted is 
directed to a beam direction specified by the antenna 
beam selection controller; 

10 a first phase amplitude adjuster for branching a 

transmission base-band signal inputted from the 
modulator into a number of the non-directional antennas 
and for adjustingphase amplitudes of respective branched 
signals, based on a coefficient inputted from the Wo 

15 coefficient controller; 

an RF unit for converting transmission base-band 
signals respectively inputted from the first phase 
amplitude adjuster into a radio frequency fl, thereby 
outputting the frequency to the corresponding 

20 non-directional antenna element, for receiving signals 
arrived at the non-directional antenna element group 
at a radio frequency f 2 using respective non-directional 
antennas and for outputting both respective receipt 
base-band signals and combination receipt base-band 

25 signal obtained by combining the receipt base-band 
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signals; 

an antenna beam scan circuit for outputting 
information specifying the predetermined selection beam 
directions while sequentially selecting and specifying 
5 a plurality of predetermined beam directions at higher 
speed than a slot-cycle; 

a Wi coefficient controller for specifying a 
coefficient adjusting a phase amplitude of a receipt 
base-band signal respectively outputted from the RF unit 
10 in such a way that a signal transmitted from a beam 
direction specified by the antenna beam scan circuit 
can be emphasized and received; 

a second phase amplitude adjuster for adjusting 
phase amplitudes of receipt base-band signals 
15 respectively outputting from the RF unit based on a 
coefficient specified by the Wi coefficient controller; 

a combiner for combining and outputting respective 
signals outputted by the second phase amplitude adjuster; 

a receipt level detection circuit for detecting 
20 a receipt level inputted from the combiner as a beam 
receipt level and sequentially outputting the detected 
receipt level based on information specifying the 
selected beam direction; 

a respective-beam-receipt- levels averaging 
25 circuit for time-averaging respective beam receipt 
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levels sequentially inputted from the receipt level 
detection circuit and for outputting respective beam 
average levels; 

a beam candidate selection circuit for selecting 
5 a predetermined number of beam "candidates in descending 
order of receipt levels based on the average level of 
respective beams and outputting the selected beam 
candidates; 

a detector for inputting a combined receipt 

10 base-band signal from the RF unit to be detected and 
outputting the detected signal as receipt data; and 

an optimal beam information detector for detecting 
optimal beam information determining a beam direction 
to be used in a period while transmitting transmission 

15 information among the receipt data, 

wherein the antenna beam selection controller 
controls a coefficient of the Wo coefficient controller 
in such a way that a beam direction of the plurality 
of beam candidates is selected for each slot in a 

20 transmission period of the pilot beam transmission data 
among the slot configuration data, while a beam direction 
determined based on the optimal beam information is 
selected in a transmission period of the transmission 
information . 

25 [Detailed Explanation of the Invention] 
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[0001] 

[Field of the Invention] 

The present invention is related to digital radio 
communications between a base station apparatus and a 
5 mobile station apparatus used for mobile communications, 
etc. and it is especially related to a communication 
system, a base station apparatus and a mobile station 
apparatus for improving a tracking property for the 
fluctuations of a transmission path while maintaining 
10 information transmission efficiency. 
[0002] 

[Prior Art Technology] 

There is a problem of multi-path fading in radio 
communications that a wave arrived after being reflected 

15 at a building, etc. is superposed to be received at a 
receiver side in addition to a wave (direct wave) arrived 
from a transmission station. In a portable telephone 
system represented by PDC (Personal Digital Cellular) 
or PHS (Personal Handy-phone System), the influence of 

20 a wave which arrives at a building etc. after being 
reflected can be minimized and accordingly multi-path 
fading can be decreased by providing a sector antenna 
configured by a plurality of directional antennas having 
different orientation directions and sequentially 

25 switching to an antenna having optimal directivity based 
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on the position relation between a base station (BS) 

and a mobile station (MS) . 

[0003] 

The property of the conventional communications 
5 is improved by using a technology of antenna selection 
diversity such that signals are received from each 
antenna after switching to an optimal antenna (having 
the maximum receipt electric power at a sector antenna) 
or combination diversity such that signals received by 
10 respective antennas are maximal-ratio combined, in 
upstream-communications (MS transmission and BS 
receipt) between the base station (BS) and the mobile 
station (MS) . 
[0004] 

15 In downstream communications (BS transmission and 

MS receipt) , a quasi-optimal directivity can be 
controlled by selecting an antenna of a sector antenna 
having the maximum upstream received electric power and 
by performing downstream transmission while making use 

20 of a fact that the fluctuations of a propagation path 
at the time of transmission/receipt of an electric wave 
is uniform in a short period, which is the feature of 
a TDD (Time Division Duplex) method (which is time 
division multiplexing method using the same frequency 

25 at the transmission/receipt) . 
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[0005] 

In a FDD (Frequency Division Duplex) method using 
different frequencies in upstream communications and 
downstream communications like a PDC, however, the 
5 fluctuation of a transmission propagation path and that 
of a receipt transmission path are not considered the 
same. In order to obtain the optimal orientation 
direction, it is required that the orientation directions 
of a transmission antenna of the base station (BS) are 
10 sequentially scanned and the orientation direction 
having the maximum received electric power at the mobile 
station (MS) are fed back as information, and the like, 
[0006] 

An orientation direction controlling method is 
15 explained using a conventional FDD by referring to Figs . 
7 and 8. Fig. 7 is a chart showing one example of an 
orientation direction controlling method using a 
conventional FDD while Fig. 8 is a graph showing one 
example of a process of beam selection. As shown in Fig. 
20 7, the base station (BS) transmits a signal to a mobile 
station (MS) at a transmission frequency f 1 . The signal 
to be transmitted includes transmission information data 
and a pilot beam inputted from the base station (BS) 
for sequentially switching antenna beams 1 to 8 having 
25 transmission directional properties of different eight 
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directions. The transmission signal is outputted 
periodically for each transmission slot- In Fig. 8, 
regarding the condition of MS received electric power 
of each beam, a vertical axis represents received 
5 electric power while a horizontal axis represents time. 
[0007] 

Since the transmission signals of respective beams 
are different in transmission direction, the signals 
pass through different propagation paths. Therefore, 

10 the signals of respective beams receive the different 
fluctuations of propagation paths and then they are 
receivedby the mobile station (MS) . In the mobile station, 
the pilot beams of respective slots are identified and 
the number of an optimal beam having the maximum received 

15 electric power is detected. This optimal beam number 
is incorporated into a part of upstream transmission 
information to be transmitted to the base station (BS) . 
[0008] 

The base station (BS) determines a beam to be used 
20 for the transmission of information data based on the 
optimal beam number transmitted from the mobile station 
(MS) . Thus, the propagation path fluctuation of a BS 
transmission frequency fl is detected and an optimal 
beam having the maximum received electric power at the 
25 mobile station (MS) can be selected. Accordingly, the 
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effect of path selection diversity can be obtained. 
[0009] 

A base station apparatus and a mobile station 
apparatus used in a conventional orientation direction 
5 controlling method in an FFD method are explained by- 
referring to Figs. 9 and 10. Fig. 9 is a block diagram 
showing the configuration of a conventional base station 
apparatus while Fig. 10 is a block diagram showing a 
conventional mobile station apparatus . As shown in Fig. 

10 9, the base station apparatus is configured by a pilot 
beam transmission data generator 1 , a slot data generator 
2, a modulator 3, an RF unit 4, an antenna selection 
controller 5, a beam antenna group 6, a detector 7 and 
an optimal beam information detector 8 . 

15 [0010] 

Eachpart of thebase station apparatus is explained 
in detail. The pilot beam transmission data generator 
1 generates pilot beam transmission data and outputs 
the data to the generator 2 using a slot. The slot data 

20 generator 2 inputs transmission information data 
externally and inputs pilot beam transmission data from 
the pilot beam transmission data generator 1. Then, it 
generates slot data configured by the pilot beam 
transmission data and the transmission information data . 

25 [0011] 
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The modulator 3 inputs the slot data from the slot 
data generator 2 and modulates the inputted data, thereby 
outputting the modulation signal to. the RF unit 4. The 
RF unit 4 inputs the modulation signal from the modulator 
5 3 and converts the thus-inputted signal into an RF (Radio 
Frequency) band signal to be outputted to the beam antenna 
group 6 . 
[0012] 

The beam antenna group 6 is provided with beam 
10 antennas for evenly dividing orientation directions of 
360 degrees into eight directions. Any one of antennas 
of the antenna group is selected based on the instruction 
on antenna selection transmitted from the antenna 
selection controller 5 and a signal is down-streamingly 
15 transmitted at a transmission frequency f 1 using a beam 
generated by this antenna. 
[0013] 

In the upstream receipt, the beam antenna group 

6 receives an MS transmission signal (which is described 
20 later) at a receipt frequency f2, the RF unit converts 

the MS receipt signal into a low-pass signal, the detector 

7 converts the thus-converted signal into a base-band 
signal and the optimal beam information detector 8 
detects optimal beam information included in the data 

25 received from themobile station (MS) , thereby outputting 
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the detected information to the antenna selection 

controller 5. 

[0014] 

The antenna selection controller 5 controls the 
5 beam antenna group 6 in such a way that an antenna of 
a pilot beam direction of the beam antenna group 6 is 
selected at the time of outputting a pilot beam part 
while an antenna of an optimal beam direction of the 
beam antenna group 6 is selected at the time of outputting 
10 transmission information data. 
[0015] 

As shown in Fig. 10, the mobile station apparatus 
is configured by an antenna 9, an RF unit 10, detector 
11, a each receipt level detector 12, an optimal beam 
15 number detector 13 and a modulator 14. 
[0016] 

Each part of the mobile station apparatus is 
explained in detail. The antenna 9 receives a signal 
from a base station, the RF unit 10 detects a receipt 

20 signal having a receipt frequency f 1 from among signals 
received by the antenna 9, the detector 11 
low-pass-frequency-converts a signal detected by the 
RF unit 10 to be converted into a mobile station receipt 
signal and it outputs the thus-converted signal to the 

25 receipt level detector 12. 
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[0017] 

The respective-beam-receipt-levels detector 12 
detects the receipt level of a pilot beam included in 
each slot from the mobile station receipt signals 
5 converted by the detector 11. Further, the optimal beam 
number detector 13 compares the receipt levels of pilot 
beams in all the eight directions, detects a pilot beam 
having the maximum receipt level to be set as the optimal 
beam and outputs a beam number of the optimal beam to 
10 the modulator 14. 
[0018] 

The modulator 14 inputs the beam number from the 
optimal beam number detector 13 and outputs the optimal 
beam number included in a part of the transmission 

15 information to the RF unit 10 as a modulation signal. 
The RF unit 10 inputs the modulation signal from the 
modulator 14 and high-pass-frequency-converts the 
inputted modulation signal into a signal having a 
transmission frequency f 2 to be outputted to the antenna 

20 9. The antenna 9 transmits the signal having the 
transmission frequency f2 as an MS transmission signal. 
[0019] 

Thus, by transmitting beams in a direction having 
a maximum receipt level at the mobile station apparatus, 
25 the apparatus can realize the transmission of 
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high-quality information considering propagation path 

fluctuations . 

[0020] 

The examples of signal formats of BS transmission 
5 slots from the base station apparatus are explained by 
referring to Figs. 11 and 12. Fig. 11 is a chart showing 
an example of the signal format of a transmission slot 
from the base station apparatus while Fig. 12 is a chart 
showing an example of another signal format of a 

10 transmission slot from the base station apparatus. In 
the example shown in Fig. 11, pilot beams of all the 
directions (eight directions) of beams 1 to 8 are 
implanted in one slot to be scanned by the mobile station 
apparatus. In the example shown in Fig. 12, the pilot 

15 beam implanted in one slot is a beam of one direction 
and beams having beam numbers 1 to 8 covering eight slots 
are sequentially implanted. In both examples, the 
transmission data transmitted in a beam direction which 
is directed by the mobile station (MS) is included in 

20 transmission information. 
[0021] 

[Problems to be Solved by the Invention] 

In the communication method performed between the 
conventional base station apparatus and mobile station 
25 apparatus, there is the following problem. In the method 
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of Fig. 11, there is an advantage such that a tracking 
property for the fluctuations of a propagation path is 
superior since an optimal beam can be detected in one 
slot, but there is a problem that pilot beam data occupies 
a majority portion of the whole slot, so that the data 
transmission becomes redundant, thereby deteriorating 
the information transmission efficiency. 
[0022] 

In the method of Fig. 12, there is an advantage 
such that the deterioration of information transmission 
efficiency can be decreased since a transmission section 
for the beams occupied in one slot can be minimized, 
but there is a problem that an optimal beam can be selected 
only by detecting the receipt electric power of pilot 
beams over eight slots, thereby deteriorating the 
tracking property for the fluctuations of a propagation 
path. . 
[0023] 

The present invention is invented by considering 
the above-mentioned problems and aims at providing a 
communication system, a base station apparatus and a 
mobile station apparatus for improving a tracking 
property for the fluctuation of a transmission path while 
maintaining information transmission efficiency. 
[0024] 
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[Means for Solving the Problems] 

The invention according to claim 1 for solving the 
above-mentioned conventional problems comprises a base 
station apparatus for selecting an upper-level 
5 orientation direction with good averaged receipt quality 
from among a plurality of different orientation 
directions as a candidate and for incorporating a signal 
portion to be transmitted in the candidate orientation 
direction in a transmission signal thereby to be 
10 transmitted; and a mobile station apparatus for selecting 
an optimal orientation direction from the signal portion 
and for transmitting information about the optimal 
orientation direction to the base station apparatus. 
[0025] 

15 The invention according to claim 2 for solving the 

above-mentioned conventional problems is characterized 
in that a base station apparatus averages quality of 
apluralityof orientation directions of signals received 
via antennas having a plurality of different orientation 

20 directions, selects as candidates a plurality of 
orientation directions each having upper-level quality 
from among the plurality of orientation directions based 
on the averaged result and incorporates signals for 
detecting orientation directions of the plurality of 

25 the selected candidates and for being transmitted in 
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the orientation directions, into a transmission signal 

thereby to be transmitted. 

[0026] 

The invention according to claim 3 for solving the 
5 above-mentioned conventional problems is characterized 
in that a mobile station apparatus receives a 
transmission signal transmitted from the base station 
apparatus according to claim 2, detects receipt quality 
of a signal to be used for detecting orientation 

10 directions of a plurality of candidates included in the 
received signal, selects an orientation direction having 
best receipt quality as an optimal orientation direction 
and incorporating information about the optimal 
orientation direction into a transmission signal to be 

15 transmitted to the base station apparatus thereby to 
be transmitted. 
[0027] 

The invention according to claim 4 for solving the 
above-mentioned conventional problems is characterized 

20 in that a communication system comprises the base station 
apparatus according to claim 2 and the mobile station 
apparatus according to claim 3, wherein the base station 
apparatus obtains information about an optimal 
orientation direction from a signal received from the 

25 mobile station apparatus, selects a plurality of 
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candidates of upper-level orientation direction from 
the received signal, incorporates signals to be used 
for detecting orientation directions of the plurality 
of the selected candidates and for being respectively 
5 transmitted in the orientation directions, into a 
transmission signal to be transmitted to the mobile 
station apparatus and transmits transmission data of 
the transmission signal to the orientation direction 
based on information about the optimal orientation 
10' direction. 
[0028] 

The invention according to claim 5 for solving the 
above-mentioned conventional problems is characterized 
in that a base station apparatus comprises a beam antenna 
15 element group configured by arranging a plurality of 
directional antennas in such a way that transmission 
and receipt orientation directions are evenly 
distributed on a plane; 

an antenna selection controller specifying a 
20 selection antenna by selecting while switching one 
antenna element from the beam antenna element group; 

a pilot beam transmission data generator for 
generating pilot beam transmission data; 

a slot data generator for generating slot 
25 configuration data including the pilot beam transmission 
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data and transmission information; 

a modulator for outputting while converting the 
slot configuration data into a transmission base-band 
signal; 

5 an RF unit for converting the transmission 

base-band signal into a radio frequency f 1 to be outputted 
to the selection antenna and outputting signals received 
at the radio frequency f2 at the selection antenna as 
receipt base-band signals; 

10 a respective-beam-receipt-level detection 

circuit for detecting as each beam receipt level a level 
of a signal received at a radio frequency f2 at each 
antenna element of the beam antenna element group; 

a respective-beam- receipt- level averaging 

15 circuit for time-averaging the respective beam receipt 
levels and outputting respective beam averaged levels; 

a beam candidate selection circuit for selecting 
a predetermined number of beam candidates in descending 
order of receipt levels based on respective beam average 

20 levels and outputting the selected respective beam 
candidates; 

a detector for converting the receipt base-band 
signal into receipt bit data; and 

an optimal beam information detector for detecting 
25 optimal beam information determining a selection antenna 
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to be used in a period while transmitting transmission 
information from among the receipt bit data, 

wherein the antenna selection controller switches 
the selection antenna in such a way that one of the 
5 plurality of beam candidates is selected for each slot 
in a transmission period of the pilot beam transmission 
data of the slot configuration data and the selection 
antenna is switched based on the optimal beam information 
ina transmissionperiodof the transmission information. 
10 [0029] 

The invention according to claim 6 for solving the 
above-mentioned and conventional problems is 
characterized in that a mobile station apparatus 
comprises; 

15 a mobile station antenna for receiving a 

transmission signal at a radio f 1 from the base station 
apparatus according to claim 5 and for transmitting a 
transmission signal to the base station apparatus at 
a radio frequency f2; 

20 an RF unit for outputting a receipt signal having 

a radio frequency f 1 transmitted from the mobile station 
antenna as a receipt base-band signal and converting 
a transmission base-band signal into a radio frequency 
f2 to be outputted to the mobile station antenna; 

25 a detector for converting the receipt base-band 
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signal into receipt bit data; a beam candidate receipt 
level comparator for comparing receipt levels of two 
beam candidates from the receipt bit data; 

an optimal beam selection circuit for selecting 
5 a beam having a maximum receipt level among receipt levels 
of the two beam candidates and outputting the selected 
content as optimal beam information; and 

a modulator for incorporating the optimal beam 
information into modulation information to be converted 
10 into abase-band signal, thereby outputting the converted 
base-band signal to the RF unit. 
[0030] 

The invention according to claim 6 for solving the 
above-mentioned and conventional problems is 
15 characterized in that abase station apparatus comprises : 
a beam antenna element group configured by 
arranging a plurality of directional antennas in such 
a way that transmission and receipt orientation 
directions are evenly distributed on a plane; 
20 an antenna selection controller specifying a 

selection antenna by selecting while switching one 
antenna element from the beam antenna element group; 

a pilot beam transmission data generator for 
generating pilot beam transmission data; 
25 a slot data generator for generating slot 



29 

configuration data including the pilot beam transmission 
data and transmission information; 

a modulator for outputting while converting the 
slot configuration data into a transmission base-band 
5 signal; 

an RF unit for converting the transmission 
base-band signal into a radio frequency f 1 to be outputted 
to the selection antenna and outputting signals received 
at the radio frequency f2 at the selection antenna as 

10 receipt base-band signals; 

an antenna scan circuit for outputting while 
sequentially switching at higher speed than a slot-cycle 
signals received at a radio frequency f2 at each antenna 
element of the beam antenna element group and for 

15 sequentially outputting information specifying the 
selection antenna; 

a receipt-level-detection circuit for detecting 
levels of received signals sequentially inputted from 
the antenna scan circuit as beam receipt levels and for 

20 sequentially outputting the levels based on information 
specifying the selection antenna; 

a respective-beam-receipt- level averaging 
circuit for time-averaging respective beam receipt 
levels sequentially inputted from the receipt level 

25 detection circuit and for outputting an average level 
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of the respective beams; 

a beam candidate selection circuit for selecting 
a predetermined number of beam candidates in descending 
order of receipt levels based on the average level of 
5 the respective beams and outputting the plurality of 
beam candidates; 

a detector for converting the receipt base-band 
signal into receipt data; and 

an optimal beam information detector for detecting 
10 optimal beam information determining a selection antenna 
to be used in a period while transmitting transmission 
information among the receipt bit data, 

wherein the antenna selection controller switches 
the selection antenna in such a way that one of the 
15 plurality of beam candidates is selected for each slot 
in a transmission period of the pilot beam transmission 
data of the slot configuration data and the selection 
antenna is switched based on the optimal beam information 
ina transmissionperiodof the transmission information. 
20 [0031] 

The invention according to claim 8 for solving the 
above-mentioned and conventional problems is 
characterized in that a base station apparatus comprises 

a non-directional antenna element group 
25 configured by arranging a plurality of non-directional 
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antennas; 

an antenna beam selection controller specifying 
a beam direction which is an orientation direction of 
a signal to be transmitted via the non-directional 
5 antenna element group; 

a pilot beam transmission data generator for 
generating pilot beam transmission data; 

a slot data generator for generating slot 
configuration data including the pilot beam transmission 
10 data and transmission information; 

a modulator for converting the slot configuration 
data into a transmission base-band signal; 

a Wo coefficient controller for specifying a 
coefficient for adjusting phase amplitudes of 
15 transmission base-band signals to be transmitted via 
the respective non-directional antennas in such a way 
that a beam direction of a signal to be transmitted is 
oriented to a beam direction specified by the antenna 
beam selection controller; 
20 a first phase amplitude adjuster for branching a 

transmission base-band signal inputted from the 
modulator into a number of the non-directional antennas 
and for adjustingphase amplitudes of respective branched 
signals, based on a coefficient inputted from the Wo 
25 coefficient controller; 
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an RF unit for converting transmission base-band 
signals respectively inputted from the first phase 
amplitude adjuster into a radio frequency fl thereby 
to be outputted to the corresponding non-directional 
5 antenna element, for receiving signals arrived at the 
non-directional antenna element group at a radio 
frequency f2 using respective non-directional antennas 
and for outputting both respective receipt base-band 
signals and combination receipt base-band signal 

10 obtained by combining the receipt base-band signals; 
an antenna beam scan circuit for outputting information 
specifying the predetermined selection beam directions 
while sequentially selecting and specifying a plurality 
of predetermined beam directions at higher speed than 

15 a slot-cycle; 

a Wi coefficient controller for specifying a 
coefficient adjusting a phase amplitude of a receipt 
base-band signal respectively outputted from the RF unit 
in such a way that a signal transmitted from a beam 

20 direction specified by the antenna beam scan circuit 
can be emphasized and received; 

a second phase amplitude adjuster for adjusting 
phase amplitudes of receipt base-band signals 
respectively outputting from the RF unit based on a 

25 coefficient specified by the Wi coefficient controller; 
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a combiner for combining and outputting respective 
signals outputtedby the secondphase amplitude adjuster; 

a receipt level detection circuit for detecting 
a receipt level inputted from the combiner as a beam 
5 receipt level to be sequentially outputted based on 
information specifying the selected beam direction; 

a respective-beam-receipt- level averaging 
circuit for time-averaging respective beam receipt 
levels sequentially inputted from the receipt level 
10 detection circuit and for outputting a respective-beams 
average level; 

a beam candidate selection circuit for selecting 
a predetermined number of beam candidates in descending 
order of receipt levels based on the average level of 
15 respective beams and outputting the selected beam 
candidates; 

a detector for inputting a combined receipt 
base-band signal from the RF unit to be detected and 
outputting the detected signal as receipt data; and 
20 an optimal beam information detector for detecting 

optimal beam information determining a beam direction 
to be used in a period while transmitting transmission 
information among the receipt data, 

wherein the antenna beam selection controller 
25 controls a coefficient of the Wo coefficient controller 
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in such a way that a beam direction of the plurality 
of beam candidates is selected for each slot in a 
transmission period of the pilot beam transmission data 
among the slot configuration data, while a beam direction 
5 determined based on the optimal beam information is 
selected in a transmission period of the transmission 
information. 
[0032] 

[Preferred Embodiments] 

10 Preferred Embodiments of the present invention are 

explained with reference to the drawings. In the 
communication system, base station apparatus and mobile 
station apparatus related to the preferred embodiments 
of the present invention, there is no correlation among 

15 phading phenomena in a short time when a frequency used 
for receipt is different from that for transmission, 
but a candidate for a transmission direction can be 
selected if arrival directions of a receipt signal are 
averaged in a period longer than a phading cycle. By 

20 paying attention to the above-mentioned fact, the base 
station apparatus averages the strengths of signals 
arrived from the mobile station apparatus for each 
arrival direction, selects a plurality of candidates 
and outputs pilot beams of which the number is equivalent 

25 to the number of candidates . Further, the mobile station 
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apparatus receives the pilot beams and detects an 
appropriate beam to be transmitted to the base station 
apparatus as information. Still further, thebase station 
apparatus specifies the beam direction to be used for 
5 the transmission output of transmission data based on 
the information. Consequently, if the number of 
candidates decreases, the possibility of the use of an 
optimal beam increases and the information transmission 
efficiency can be enhanced by using smaller number of 
10 pilot beams while maintaining transmission quality, 
thereby enhancing the tracking property for propagation 
path fluctuation. 
[0033] 

As mentioned before, it cannot be assumed that the 
15 transmission propagation fluctuation is the same as the 
receipt propagation fluctuation like TDD since 
transmission frequency is different from receipt 
frequency. According to the phading occurrence principle, 
phading is generated by the combination of a plurality 
20 of arrival waves so that amplitude fluctuation occurs 
due to the phase relation among respective arrival waves . 
Therefore, if transmission wavelength is different from 
receipt wavelength, different phase relations are 
combined so that it is known that there is no correlation 
25 between transmission phading and receipt phading. 
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However, the direction of an averagely arrived electric 
wave is determined by the surrounding buildings etc. 
so that the direction can be recognized like TDD in the 
long run even if transmission and receipt frequencies 
5 are different. Accordingly, if the arrival direction 
of an upstream-receipt signal is considered in a time 
period longer than a phading cycle, the candidate for 
a downstream-transmission direction can be selected. 
[0034] 

10 The communication system, base station apparatus 

and mobile station apparatus related to a preferred 
embodiment of the present invention are explained by 
referring to Figs. 1 to 6. Fig. 1 is a configuration 
block diagram showing a base station apparatus (first 

15 base station apparatus ) related to a preferred embodiment 
of the present invention. Fig. 2 is a configuration block 
diagram showing a mobile station apparatus related to 
a preferred embodiment of the present invention. Fig. 
3 is a configuration block diagram showing a base station 

20 apparatus (second base station apparatus) related to 
another preferred embodiment of the present invention. 
Fig. 4 is a configuration block diagram showing still 
another base station apparatus (third base station 
apparatus) related to a preferred embodiment of the 

25 present invention. Fig. 4 is a chart showing one example 
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of a signal format of a transmission slot from the base 
station apparatus related to a preferred embodiment of 
the present invention. Fig. 6 is a graph showing an error 
property. 
5 [0035] 

The communication system related to a preferred 
embodiment of the present invention is basically 
configured by a base station apparatus and a mobile 
station apparatus. The base station apparatus transmits 

10 a pilot beam while switching an orientation direction 
of the pilot beam (beam direction) , receives information 
(optimal beam information) indicating which beam 
direction is appropriate, selects an antenna based on 
the optimal beam information and outputs transmission 

15 data. The mobile station apparatus receives the pilot 
beam transmitted while the beam direction is switched 
by the base station apparatus and outputs the optimal 
beam information as information indicating an 
appropriate beam direction. 

20 [0036] 

Hereinafter, the configurations of the base 
station apparatus and mobile station apparatus are 
respectively explained. The base station apparatus 
related to a preferred embodiment of the present 
25 invention is configured by an antenna 11, an RF unit 
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113, a detector 114, a beam candidate receipt level 
comparator 1.15, an optimal beam selection circuit 116 
and a modulator 117. 
[0037] 

5 The following is the detailed explanation of each 

of the above-mentioned units. The RF unit 113 receives 
a signal having a frequency fl arrived at the antenna 
112 from the base station apparatus and outputs the signal 
to the detector 114. 

10 Further, the RF unit 113 converts an upstream 
transmission base-band signal inputted from the 
modulator 117 into an RF-band signal having a frequency 
f2 (radio frequency band signal) , thereby transmitting 
the signal via the antenna. 112. 

15 [0038] 

The detector 114 converts a frequency of a receipt 
signal inputted from the RF unit 113 into a low-band 
frequency and sets this signal to a mobile station receipt 
signal, thereby outputting this signal to the beam 
20 candidate receipt level comparator 115. 
[0039] 

The beam candidate receipt level comparator 115 
detects respective receipt levels of a plurality of pilot 
beams from a mobile station receipt signal inputted from 
25 the detector 114 and outputs the detected receipt levels 
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to the optimal beam selection circuit 116 . 
[0040] 

The optimal beam selection circuit 116 selects a 
pilot beam having a maximum receipt level from among 
5 receipt levels inputted from the beams candidate receipt 
level comparator 115 and outputs this pilot beam to the 
modulator 117 as optimal beam information. 
[0041] 

The modulator 117 receives the optimal beam 
10 information from the optimal beam selection circuit 11 
and modulates a signal of the received beam to be 
transmitted to the RF unit 113. The detector 114 outputs 
an sound signal, etc. received from the base station 
apparatus in addition to a pilot beam. The modulator 
15 117 modulates an externally inputted sound signal to 
be outputted to the RF unit 113, but this part is omitted 
in order to simplify the explanation. 
[0042] 

Here, the operations of the mobile station 
20 apparatus related to a preferred embodiment of the 
present invention are explained. The signal arrived at 
the antenna 112 from the base station apparatus is 
received by the RF unit 113 and it is converted into 
a low-band frequency by the detector 114. Then, it is 
25 set to a mobile station receipt signal and outputted 
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to the beam candidate receipt level comparator 115. 
[0043] 

In this way, the beam candidate receipt level 
comparator 115 detects respective receipt levels of a 
5 plurality of pilot beams from among inputted mobile 
station receipt signals and outputs the detected receipt 
levels to the optimal beam selection circuit 116. 
[0044] 

The optimal beam selection circuit 116 selects a 
10 maximum receipt level from among inputted receipt levels 
and outputs this receipt level to the modulator 117 as 
optimal beam information. 
[0045] 

The modulator 117 modulates the optimal beam 
15 information to be outputted to the RF unit 113. The RF 
unit 113 converts the modulated optimal beam information 
into an RFband signal to be outputted to the base station 
apparatus via the antenna 112. 
[0046] 

20 The first base station apparatus related to a 

preferred embodiment of the present invention uses a 
plurality of beam antennas oriented to respective beam 
directions when switching beam directions. As shown in 
Fig. 1, the apparatus is configured by a pilot beam 

25 transmission data generator 101, a slot data generator 
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102, a modulator 103, an RF unit 104 , an antenna selection 
controller 105, a beam antenna group 106, a detector 
107, an optimal beam information detector 108, a 
respective-beam- receipt- level detection circuit 109, 
5 a respective-beam-receipt-level averaging circuit 110 
and a beam selection circuit 111. 
[0047] 

The following is a detailed explanation of each 
part of the base station apparatus. The pilot beam 
10 transmission data generator 101 generates a 
predetermined number of pieces of data to be used for 
a pilot beam (pilot beam transmission data) and outputs 
the generated data to the slot data generator 102. 
[0048] 

15 The slot data generator 102 receives transmission 

information data and pilot beam transmission data, 
generates a slot which is described later and outputs 
the data to the modulator 103 as slot data. 
[0049] 

20 The antenna selection controller 105 selects abeam 

antenna in a pilot beam direction when outputting a pilot 
beam while it selects a beam antenna in an optimal beam 
direction when outputting transmission information 
data . 

25 [0050] 
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The modulator 103 modulates slot data inputted from 
the slot data generator 102 and outputs the modulated 
data to the RF unit 104. 
[0051] 

5 The RF unit 104 converts a signal inputted from 

the modulator 103 into an RFband signal having a frequency 
fl (radio frequency band signal) to be outputted as a 
downstream transmission signal via one antenna specified 
by the antenna selection controller 105 described later 
10 from among a plurality of antennas configuring the beam 
antenna group 106. 
[0052] 

The RF unit 104 inputs a signal transmitted from 
the mobile station apparatus at a frequency f2 via one 

15 antenna specified by the antenna selection controller 
105 from among a plurality of antennas configuring the 
beam antenna group 106, thereby outputting the received 
signal to the detector 107 as an upstream transmission 
signal . 

20 [0053] 

The antenna selection controller 105 specifies a 
beam direction and also specifies one antenna from among 
a plurality of antennas configuring the beam antenna 
group 106. 
25 [0054] 
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The antenna selection controller 105 receives a 
plurality of beam candidates from the beam selection 
circuit 111 and sequentially selects beam antennas 
directed to the beam directions indicated by the beam 
5 candidates when a base station apparatus outputs a pilot 
beam. Further, the antenna selection controller 105 
selects an antenna directed to the direction of a beam 
inputted from the optimal beam information detector 108 
when outputting transmission information data. 
10 [0055] 

The beam antenna group 106 is a set of directional 
antennas (beam antennas) . The group is configured in 
such a way that radially directional beam antennas are 
arranged every 40 degrees if 3 60-degree-direction is 
15 divided into eight directions. 
[0056] 

The detector 107 detects an upstream signal 
inputted from the RF unit 104 and outputs the received 
signal to the optimal beam information detector 108 as 
20 receipt data. The signal outputted by the detector 107 
is processed as a received sound signal but a* part to 
be used for this processing is omitted in Fig. 1 to make 
the drawing simple. 
[0057] 

25 The optimal beam information detector 108 detects 
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optimal beam information from the receipt data inputted 
from the detector 107 and outputs beam direction 
indicated by the optimal beam information to the antenna 
selection controller 105. 
5 [0058] 

The respective-beam-receipt-level detection 
circuit 109 detects receipt levels of signals arrived 
at respective beam antennas configuring the beam antenna 
group 106 at a frequency f 2 f romamobile station apparatus 
10 and outputs the detected receipt levels to the 
respective-beam-receipt-level averaging circuit 110 . 
[0059] 

That is, if there are eight beam antennas, the 
respective-beam-receipt- level detection circuit 109 
15 simultaneously detects receipt levels of a signal arrived 
at the eight beam antennas and outputs the detected 
receipt levels to the respective-beam-receipt-level 
averaging circuit 110. 
[0060] 

20 The respective-beam-receipt-level averaging 

circuit 110 sequentially averages the receipt levels 
of a signal arrived at respective antennas and calculates 
respective average receipt levels. 
[0061] 

25 The beam candidate selection circuit 111 selects 
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a signal specifying a predetermined number of beam 
antennas in descending order starting from the maximum 
receipt level from among the receipt levels, and outputs 
the signal. 
5 [0062] 

When the beam selection circuit 111 is designated 
to output two candidates, it outputs as beam candidates, 
a signal specifying a beam direction of a beam antenna 
having the maximum average receipt level and a signal 
10 specifying a beam direction of a beam antenna having 
the next maximum average receipt level. 
[0063] 

Here, the first base station apparatus is explained . 
In the following explanation, two beam candidates are 
15 designated. 
[0064] 

First, the slot data generator 102 receives pilot 
beam transmission data from the pilot beam transmission 
data generator 101 and also externally receives 
20 transmission information data. Then, it generates a 
transmission slot in the format as shown in Fig . 5, thereby 
outputting the slot to the modulator 103 as slot data. 
[0065] 

The modulator 103 modulates the slot data and 
25 outputs the data to the RF unit 104 as an upstream 
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transmission base-band signal. The RF unit 104 converts 
the upstream transmission base-band signal into an RF 
band signal to be transmitted via a beam antenna specified 
by the antenna selection controller 105. 
5 [0066] 

A signal arrived at the beam antenna group 106 at 
a frequency f 2 from the base station apparatus is received 
by the RF unit 104 and the received signal is outputted 
to the detector 107. 
10 [0067] 

The detector 107 detects a signal inputted from 
the RF unit 104 and outputs the detected signal as receipt 
data. The optimal beam information detector 108 detects 
optimal beam information from the receipt data and 
15 outputs a transmission direction indicated by the 
information to the antenna selection controller 105. 
[0068] 

The respective-beam-receipt- level detection 
circuit 109 detects receipt levels of signals having 

20 a frequency f2 arrived at the beam antenna group 106 
from a mobile station apparatus, for each beam antenna. 
The respective -beam- receipt- level averaging circuit 
110 averages the receipt levels detected for each beam 
antenna. The beam selection circuit 111 outputs two 

25 predetermined (the maximum and the next maximum) beam 
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directions in the descending order of the averaged 
receipt levels to the antenna selection controller 105 
as beam candidates. 
[0069] 

5 The antenna selection controller 105 specifies 

while sequentially switching a beam antenna having the 
maximum receipt level and a beam antenna having the next 
maximum receipt level from the beam antenna group 106, 
at a timing when the RF unit 104 outputs pilot beam 

1.0 transmission data from among slot data converted into 
an RF signal, based on a plurality of beam candidates 
inputted from the beam selection circuit 111. The 
respective pieces of pilot beam transmission data are 
outputted via the two specified antennas. 

15 [0070] 

The antenna selection controller 105 specifies a 
beam antenna in a transmission direction of a beam 
inputted from the optimal beam information detector 108 
at a timing when the RF unit 104 outputs transmission 
20 data from among slot data converted into an RF band signal 
and transmission data is transmitted via the beam 
antenna. 
[0071] 

The first station apparatus can decrease the number 
25 of beam candidates compared with the number of antennas 
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while maintaining the transmission quality and can 
enhance the information transmission efficiency by using 
a small number of pilot beams, thereby increasing the 
tracking property for a propagation path fluctuation. 
5 [0072] 

The following is the explanation of a second base 
station apparatus related to the preferred embodiment 
of the present invention. The second base station 
apparatus uses a plurality of beam antennas directed 

10 to respective beam directions when switching beam 
directions. It also uses an antenna scan circuit for 
sequentially switching and selecting receipt signals 
from respective beam antennas. As shown in Fig. 3, the 
second base station apparatus is configured by a pilot 

15 beam transmission data generator 121, a slot data 
generator 122, a modulator 123, an RFunit 124, an antenna 
selection controller 125, a beam antenna group 126, a 
detector 127, an optimal beam information detector 128, 
an antenna switching circuit 130, an antenna scan circuit 

20 130, a receipt-levels detection circuit 132, a 
respective-beam- receipt- level averaging circuit 133 
and a beam selection circuit 134. 
[0073] 

The following is the detailed explanation of each 
25 unit. The pilot beam transmission data generator 121, 
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the slot data generator 122, the modulator 123, the RF 
unit 124, the antenna selection controller 125, the beam 
antenna group 126, the detector 127, the optimal beam 
information detector 128 are identical to the pilot beam 
5 transmission data generator 101, the slot data generator 
102, the modulator 103, the RF unit 104, the antenna 
selection controller 105, the beam antenna group 106, 
the detector 107 and the optimal beam information 
detector 108 of the first base station apparatus. The 

10 respective-beam-receipt-level averaging circuit 133 
and the beam selection circuit 134 are identical to the 
respective-beam- receipt- level averaging circuit 110 
and the beam selection circuit 111. Therefore, the 
explanation of each unit is omitted* 

15 [0074] 

The antenna switching circuit 130 outputs to the 
receipt level detection circuit 132 a signal arrived 
at a beam antenna specified by the antenna scan circuit 
131. 
20 [0075] 

The antenna scan circuit 131 sequentially and 
periodically specifies each beam antenna configuring 
the beam antenna group 12 6 and outputs information about 
which beam antenna is currently being used to the receipt 
25 level detection circuit 132. 



50 

[0076] 

The receipt level detection circuit 132 receives 
a signal inputted from the antenna switching circuit 
130, detects a receipt level of the received signal and 
5 outputs the detected receipt level to the 
respective-beam-receipt-level averaging circuit 133 as 
a receipt level of a signal arrived at the beam antenna 
indicated by the following information, based on the 
information which is inputted from the antenna scan 
10 circuit 131 and which indicates which beam antenna is 
currently being used. 
[0077] 

The following is the explanation of the operations 
of the secondbase station apparatus . In this explanation, 
15 the number of beam candidates is set to two. 
[0078] 

First, the slot data generator 122 receives pilot 
beam transmission data from the pilot beam transmission 
data generator 121 and also externally receives 
20 transmission information data. Then, it generates a 
transmission slot in the format as shown in Fig . 5, thereby 
outputting the slot to the modulator 103 as slot data. 
[0079] 

The modulator 123 modulates the slot data and 
25 outputs the data to the RF unit 124 as an upstream 
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transmission base-band signal. The RF unit 104 converts 
the upstream transmission base-band signal into an RF 
band signal to be transmitted via a beam antenna specified 
by the antenna selection controller 125, 
5 [0080] 

A signal arrived at the beam antenna group 12 6 at 
a frequency f 2 from the base station apparatus is received 
by the RF unit 124 and the received signal is outputted 
to the detector 127. 
10 [0081] 

The detector 127 detects a signal inputted from 
the RF unit 124 and outputs the detected signal as receipt 
data. The optimal beam information detector 128 detects 
optimal beam information from the receipt data and 
15 outputs a transmission direction indicated by the 
information to the antenna selection controller 125. 
[0082] 

The antenna scan circuit 131 sequentially and 
periodically specifies each beam antenna and outputs 
20 information about which beam antenna is currently being 
used to the receipt level detection circuit 132. 
[0083] 

The antenna switching circuit 130 outputs to the 
receipt level detection circuit 132 a signal arrived 
25 at a beam antenna specified by the antenna scan circuit 
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131. The receipt level detection circuit 132 detects 
a receipt level of the signal inputted from the antenna 
switching circuit 130 and outputs the detected receipt 
level to the respective-beam-receipt-level averaging 
5 circuit 133 as a receipt level of a signal arrived at 
the beam antenna, based on the information which is 
inputted from the antenna scan circuit 131 and which 
indicates which beam antenna is currently being used. 
[0084] 

10 Signals arrived at the respective beam antennas 

are sequentially and time-divisionally outputted to the 
receipt level detection circuit 132 using the operations 
of the antenna scan circuit 131 and the antenna switching 
circuit 130. The receipt level detection circuit 132 

15 sequentially detects these receipt levels and branches 
these levels as receipt levels of the singles arrived 
at the respective beam antennas, thereby outputting the 
branched levels to the respective-beam-receipt-level 
averaging circuit 133. 

20 [0085] 

The respective-beam- receipt- level averaging 
circuit 113 averages the receipt levels detected for 
each beam antenna . The beam selection circuit 134 outputs 
two predetermined (the maximum and the next maximum) 
25 beam directions in the descending order of the averaged 
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receipt levels to the antenna selection controller 125 

as beam candidates . 

[0086] 

The antenna selection controller 125 specifies 
5 while sequentially switching a beam antenna having the 
maximum receipt level and a beam antenna having the next 
maximum receipt level from the beam antenna group 106, 
at a timing when the RF unit 104 outputs pilot beam 
transmission data from among slot data converted into 
10 RF band signals, based on a plurality of beam candidates 
inputted from the beam selection circuit 111. The 
respective pieces of pilot beam transmission data are 
outputted via the two specified antennas. 
[0087] 

15 The antenna selection controller 125 specifies a 

beam antenna in a transmission direction of a beam 
inputted from the optimal beam information detector 128 
at a timing when the RF unit 124 outputs transmission 
data from among slot data converted into an RF signal. 

20 The transmission data is outputted via the beam antenna. 
[0088] 

According to the second base station apparatus, 
instead of simultaneously detecting strengths of signals 
arrived at respective beam antennas, the antenna 
25 switching circuit 130 and the antenna scan circuit 131 
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time-divisionally specifies respective beam antennas. 
The receipt level detection circuit 132 detects receipt 
levels of signals arrived at the specified beam antennas . 
Therefore, the apparatus can decrease the number of beam 
5 candidates compared with the number of antennas while 
maintaining transmission quality and enhance 
transmission efficiency by using a small number of pilot 
beams, thereby increasing the tracking property for a 
propagation path fluctuation. Further, a circuit 
10 configuration can be simpler by making the receipt level 
detection circuits into one. 
[0089] 

The following is the explanation of a third base 
station apparatus related to the preferred embodiment 

15 of the present invention. The third base station 
apparatus specifies a beam direction using an adaptive 
array antenna with a plurality of non-directional 
antennas. As shown in Fig. 4, the apparatus is configured 
by a pilot beam transmission data generator 141, a slot 

20 data generator 142, a modulator 143, a first phase 
amplitude adjuster 144 , anRFunit 145, anon-directional 
antenna group 146 having a plurality of non-directional 
antennas, a detector 147, an optimal beam information 
detector 148, an antenna beam selection controller 149, 

2 5 a WO coefficient controller 150, a second phase amplitude 
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adjuster 151, a combiner 152, a Wi coefficient controller 
152, a receipt level detection circuit 154, a 
respective -beam- receipt- level averaging circuit 155, 
a beam selection circuit 156 and an antenna beam scan 
5 circuit 157. 
[0090] 

The pilot beam transmission data generator 141, 
the slot data generator 142, the modulator 143, the 
detector 147, the optimal beam information detector 148, 

10 the antenna beam selection controller 149, the receipt 
level detection circuit 154, the 

respective-beam- receipt-level averaging circuit 155, 
the beam selection circuit 156 and the antenna beam scan 
circuit 157 of the third base station apparatus are the 

15 same as the pilot beam transmission data generator 121, 
the slot data generator 122, the modulator 123, the 
detector 127 , the optimal beam information detector 12 8 , 
the antenna selection controller. 125, the receipt level 
detection circuit 132, the 

20 respective-beam-receipt-level averaging circuit 133 
and the beam selection circuit 134 of the second base 
station apparatus- Therefore, the explanation of each 
unit is omitted. 
[0091] 

25 The first phase amplitude adjuster 144, the RFunit 
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145, the antenna beam selection controller 149, the WO 
coefficient controller 150, the RF unit 145 and the 
non-directional antenna group 14 6 are gathered and named 
as an adaptive array antenna used for transmission. The 
5 RF unit 145, the non-directional antenna group 146, the 
second phase amplitude adjuster 151, the combiner 152 
and the Wi coefficient controller 153 are gathered to 
be an adaptive array antenna used for receipt. 
[0092] 

10 The adaptive array antenna used for transmission 

generates directional beams by adjusting phase 
amplitudes of signals outputted via respective antennas 
for a plurality of non-directional antennas . On the other 
hand, the adaptive array antenna used for receipt 

15 receives respective signals arrived at a plurality of 
non-directional antennas and combines while adjusting 
phase amplitudes of these signals so that directional 
receipt can be performed. 
[0093] 

20 The first phase amplitude adjuster 144 is provided 

with multipliers of which the number is equivalent to 
the number of non-directional antennas configuring the 
non-directional antenna group 146 and each multiplier 
receives Wo coefficient from the Wo coefficient 

25 controller 150 which is described later. Each multiplier 
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multiplies the modulated signal inputted from the 
modulator 143 with the Wo coefficient and outputs the 
resultant to the RF unit 145. 
[0094] 

5 That is, the first phase amplitude adjuster 144 

adjusts an amplitude of the modulated signal transmitted 
from the non-directional antenna group 14 6 based on Wo 
coefficient, thereby adjusting the beam direction of 
a transmission signal. 
10 [0095] 

The RF unit 145 converts the respective multiplied 
signals inputted from the first phase amplitude adjuster 
144 into RFband signals and outputs the converted signals 
at a frequency f 1 via respective corresponding antennas . 
15 [0096] 

Further, the RF unit converts signals arrived at 
frequency f 2 into low-band frequencies via the respective 
antennas of the non-directional antenna group 14 6 and 
outputs these frequencies to the second phase amplitude 
20 adjuster 151. 
[0097] 

The Wo coefficient controller 150 selects a set 
of Wo coefficients in such a way that a beam direction 
inputted from the antenna beam selection controller 149 
25 becomes directional and outputs the set to the first 
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phase amplitude adjuster 144. 
[0098] 

The second phase amplitude adjuster 151 multiplies 
the respective signals received via the respective 
5 antennas with the respective Wi coefficients 
corresponding to these signals and outputs the resultants . 
The combiner 152 combines the respective multiplied 
resultants inputted from the second phase amplitude 
adjuster 151 and outputs the resultants. 
10 [0099] 

The second phase amplitude adjuster 151 and the 
combiner 152 adjust the amplitudes of signals received 
via respective antennas of the non-directional antenna 
group 146 and combines the adjusted amplitudes. As a 
15 result, a receipt signal arrived from a specific 
direction is emphasized. That is, the beam direction 
of a receipt signal can be adjusted. 
[0100] 

Here, the operations of the third base station 
20 apparatus are explained assuming that the number of beam 
candidates is set to two. The slot data generator 142 
receives pilot beam transmission data from the pilot 
beam transmission data generator 141 and also externally 
receives transmission information data. Then, it 
25 generates a transmission slot in the format as shown 
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in Fig, 5, thereby outputting the generated slot to the 
modulator 103 as slot data* 
[0101] 

Here, the operations of the third base station 
5 apparatus are explained assuming that two beamcandidates 
are specified. The slot data generator 142 receives the 
input of pilot beam transmission data generator 142 and 
externally receives the input of transmission data . Then, 
it generates a transmission slot in a format as shown 
10 in Fig. 5 and outputs the format to the modulator 143. 
[0102] 

The modulator 143 modulates the slot, data to be 
outputted to the first phase amplitude adjuster 144 as 
an upstream transmission base-band signal. The Wo 

15 coefficient controller 150 outputs a set of Wo 
coefficient in such a way that the antenna beam selection 
controller 149 sequentially specifies a beam direction 
indicated by the beam candidate inputted by the beam 
selection circuit 156 at a timing of outputting pilot 

20 beam transmission data and in such a way that the 
controller transmits signals in the specified beam 
direction. 
[0103] 

In this way, the first phase amplitude adjuster 
25 144 branches the upstream transmission base-band signal 



60 

by the number equivalent to that of antennas, multiplies 
the branched signals with the respective corresponding 
Wo coefficients and outputs the resultants to the RF 
unit 145. Then, the RF unit 145 converts the multiplied 
5 signals into RF band signals and outputs the signals 
via corresponding antennas. 
[0104] 

Signals arrived at the mobile station apparatus 
at a frequency f2 is received by the RF unit 145 to be 
10 transmitted to the detector 147. 
[0105] 

The detector 147 detects signals inputted from the 
RF unit 145 and outputs the signals as receipt data. 
The optimal beam information detector 148 detects optimal 
15 beam information from the receipt data and outputs a 
transmission direction indicated in the information to 
the antenna beam selection controller 149. 
[0106] 

Further, the Rf unitl45 respectively receives 
20 signals arrived at respective antennas and outputs the 
received signals to the second phase amplitude adjuster 
151. The antenna scan circuit 157 sequentially and 
periodically specifies respective beam antennas, and 
it outputs information about which beam antenna is 
25 currently being used to the receipt level detection 



61 



circuit 154. 
[0107] 

The Wi coefficient controller 153 outputs a set 
of Wi coefficients in such a way that signals received 
5 from the direction specified by the antenna beam scan 
circuit 157 are emphasized. The second phase amplitude 
adjuster 151 multiplies signals inputted from the RF 
unit 145 with corresponding Wi coefficients, 
respectively, and it outputs the multiplied signals to 
10 the combiner 152. The combiner 152 combines the 
multiplied signals and outputs the combined signals. 
[0108] 

Then, the receipt level detection circuit 154 
detects the receipt level of a signal inputted via the 

15 combiner 152 and outputs the detected receipt level based 
on information inputted from the antenna beam scan 
circuit 157 about which beam antenna is currently being 
specified, to the respective-beam-receipt-level 
averaging circuit 155 as receipt level arrived at the 

20 currently specified beam antenna. 
[0109] 

Signals arrived at the respective beam antennas 
are sequentially and time-divisionally outputted to the 
receipt level detection circuit 132 using the operations 
25 of the antenna scan circuit 157, the Wi coefficient 
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controller 153, the second phase amplitude adjuster 151 
and the combiner 152 . The receipt level detection circuit 
154 sequentially detects these receipt levels and 
branches these levels as receipt levels of the singles 
5 arrived at the respective beam antennas, thereby 
outputting the branched levels to the 
respective-beam-receipt-level averaging circuit 155 . 
[0110] 

The respective-beam-receipt- level averaging 
10 circuit 155 averages the receipt levels detected for 
each beam antenna . The beam selection circuit 156 outputs 
two predetermined (the maximum and the next maximum) 
beam directions in the descending order of the averaged 
receipt levels to the antenna beam selection controller 
15 149 as beam candidates, 
[0111] 

The antenna beam selection controller 149 
specifies while sequentially switching a beam direction 
having the maximum receipt level and a beam direction 

20 having the. next maximum receipt level from beam 
directions, at a timing when the RF unit 145 outputs 
pilot beam transmission data from among slot data 
converted into RF band signals, based on a plurality 
of beam candidates inputted from the beam selection 

25 circuit 156. The respective pieces of pilot beam 
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transmission data are outputted to the two specified 

antennas . 

[0112] 

The antenna beam selection controller 149 
5 specifies the beam direction of a transmission direction 
inputted from the optimal beam information detector 148 
at a timing when the RF unit 145 outputs transmission 
data from among slot data converted into an RF signal. 
The transmission data is transmitted in the beam 
10 direction. 
[0113] 

A receipt adaptive array antenna of the third base 
station apparatus related to the preferred embodiment 
of the present invention outputs a signal specifying 

15 while changing an orientation direction of the antenna 
beam scan circuit 157 to the Wi coefficient controller 
153 and it also outputs a signal indicating which 
orientation direction is currently being specified to 
the receipt level detector 154. 

20 [0114] 

According to the third base station apparatus, the 
number of beam candidates can be decreased compared with 
the number of antennas, information transmission 
efficiency can be increased by using smaller number of 
25 pilot beams and the tracking property for propagation 
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path fluctuation can be enhanced while maintaining 
transmission quality. In addition, the quality of 
upstream line signal can be further improved in such 
a way that receipt sensitivity becomes 0 by optionally 
5 determining the shape of a beam by setting a coefficient 
Wi if there is a receipt interference wave, that is, 
a null point can be controlled. 
[0115] 

The next is the explanation of the operations of 
10 a communication system related to the preferred 

embodiment of the present invention. The first to third 

base station apparatuses sequentially transmit pilot 

beam transmission data as slot data as shown in Fig. 

5 in thebeamdirectionof a small number of beam candidates 
15 and it transmits downstream transmission data in a beam 

direction preliminarily specified by a mobile station 

apparatus . 

[0116] 

Then, the mobile station apparatus receives the 
20 slot data, detects a beam direction having the maximum 
receipt strength of the pilot beam transmission data, 
modulates optimal beam information specifying the beam 
direction and transmits the modulated information 
together with upstream transmission data. 
25 [0117] 
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The base station apparatus detects for each beam 
the strengths of signals arrived in each beam direction 
and transmitted from the mobile station apparatus, 
averages the strengths for each direction, selects an 
5 optional number of beam candidates in descending order 
and sequentially transmits pilot beam transmission data 
included in the next slot in beam directions indicated 
by the beam candidates. 
[0118] 

10 Further, the base station apparatus detects 

optimal beam information from the signal received from 
the mobile station apparatus and transmits downstream 
transmission data for the beam direction indicated by 
the optimal beam information. 

15 [0119] 

According to the communication system related to the 
preferred embodiments of the present invention, a base 
station apparatus averages the strengths of signals 
received from respective beam directions for each 

20 direction, detects a small number of beam candidates 
and transmits pilot beams in beam directions of the beam 
candidates . Amobile station apparatus detects an optimal 
beam direction from among beam directions of the beam 
candidates and transmits the optimal beam direction to 

25 the base station apparatus as optimal beam information, 
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thereby while maintaining transmission quality, 
enhancing information transmission efficiency and a 
tracking property for propagation path fluctuation by 
using a smaller number of pilot beams. 
5 [0120] 

[Preferred Embodiments] 

The results of simulating the Bit Error Rate (BER) 
of a communication system related to the preferred 
embodiments of the present invention are explained by 
10 referring to Fig. 6. Fig. 6 is a graph showing BER. 
[0121] 

In Fig. 6, a horizontal axis indicates average Eb/No 
in units of dBs while a vertical axis indicates BER. 
BERs of eight slots/frames repetition (8B) of a 
15 conventional method for a communication system of the 
present invention (two slots/frames repetition) (2B) are 
plotted using a single logarithm. 
[0122] 

Simulation is performed after it is set that a 
20 modulation method is QPSK, a transmission speed is 
153.6Kbps and in a propagation path model, the receipt 
direction of a base station upstream receipt wave is 
received with Reilly phading from either one of a 
10-degree direction and a 125-degree direction. Further, 
25 the simulation is performed for a case where the maximum 
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Doppler frequency fD is 10Hz and for the case where the 

frequency is 40Hz. 

[0123] 

Further, it is set that the arrival direction of 
5 a downstream wave of a mobile station is identical to 
that of an upstream wave but there is no correlation 
between the upstream propagation fluctuation and the 
downstream propagation fluctuation. For comparison, 
logical values in the case of Reilly phading and those 
10 of selection diversity are plotted in the drawing. 
[0124] 

As shown in Fig. 6, the communication system of 
the present invention (two slots/ frames repetition) (2B) 
is further close to the selection diversity logical value 
15 compared with the conventional method (8B) and the BER 
becomes small. 
[0125] 

When propagation fluctuation (part where Eb/No is 
large) is rapid, the conventional method (8B) exceeds 

20 the logical values of Reilly phading in two cases where 
the maximum Doppler frequency fD is 20Hz and 40Hz. The 
communication system of the present invention, however, 
becomes lower than the logical values of Reilly phading 
in either case so that a tracking property is improved 

25 and accordingly the BER is also improved. 
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[0126] 

[Effects of the Invention] 

According to the present invention, a base station 
apparatus sets an orientation direction having an 
5 averaged upper-rank receipt quality from among a 
plurality of different orientation directions as a 
candidate, incorporates a signal portion to be 
transmitted in an orientation direction of the candidate 
into a transmission signal and transmits the incorporated 

10 signal. A mobile station apparatus selects an optimal 
orientation direction from the signal portion and sets 
the information about the optimal orientation direction 
as communication information to be transmitted to the 
base station apparatus, thereby improving a tracking 

15 property for the fluctuation of a transmission path while 
maintaining information transmission efficiency. 
[Brief Explanation of the Drawing] 

Fig. 1 is a configuration block diagram showing a 
base station apparatus (first base station apparatus) 

20 related to a preferred embodiment of the present 
invention; 

Fig. 2 is a configuration block diagram showing a 
mobile station apparatus related to a preferred 
embodiment of the present invention; • 
25 Fig. 3 is a configuration block diagram showing 
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a base station apparatus (second base station apparatus) 
related to another preferred embodiment of the 
present invention; 

Fig. 4 is a configuration block diagram showing a 
5 mobile station apparatus (third base station apparatus) 
related to another preferred embodiment of the 
present invention; 

Fig. 5 is a chart showing an example of a signal 
format of a transmission slot transmitted from a base 
10 station apparatus related to a preferred embodiment of 
the present invention; 

Fig. 6 is a graph showing BER; 

Fig. 7 is a diagram showing an orientation direction 
controlling method using conventional FDD; 
15 Fig. 8 is a chart explaining an example of a process 

of beam selection; 

Fig. 9 is a block diagram showing a conventional base 
station apparatus; 

Fig. 10 is a block diagram showing a conventional 
20 mobile station apparatus; 

Fig. 11 is a chart showing an example of a signal 
format of a transmission slot transmitted from a base 
station apparatus; and 

Fig. 12 is a chart showing another example of a signal 
25 format of a transmission slot transmitted from a base 
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station apparatus . 
[Explanation of the Codes] 

1,101,121,141 Pilot beam transmission data 

generator 

5 2,102,122,142 Slot data generator 

3,14, 103, 117, 123, 143 Modulator 
4,10,104,113,124,145 RF unit 

5.105.125 Antenna selection controller 

6.106.126 Beam antenna group 
10 7,11,114,127 Detector 

8,108,128 Optimal beam information detector 
9, 112 Antenna 

12 Respective-beam-receipt-level detector 

13 Optimal beam number detector 

15 109 Respective-beam-receipt-revel detector 

110, 133 Respective-beam-receipt-level averaging 

circuit 

111,134 Beam selection circuit 

115 Beam candidate receipt level comparator 
20 116 Optimal beam number selection circuit 

130 Antenna switching circuit 

131 Antenna scan circuit 

144,151 Phase amplitude adjuster 

14 6 Non-directional antenna group 
25 152 Combiner 
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150 Wol to Wo8 coefficient controller 
153 Wil to Wi8 coefficient controller 
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